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ABSTRACT
Background: Bone graft application is a therapy that could be used to repair bone and minimize bone resorption.
However, current bone graft materials carry risks for the recipient. Studies on alloplast, which can be found in fish bones
and scales have been developed in the past few years. Objectives: This study aimed to determine the efficacy of
hydroxyapatite powder from white barramundi (Lates calcarifer) fish scales as bone graft material in the mandibular
defect regeneration of rats. Methods: This experimental laboratory study utilized 24 male Sprague-Dawley rats aged 16
weeks as test subjects, where 12 were used for control groups and the other 12 were used as the experimental group. All
were given bone defects of 3 mm on the right mandible, split into 6 groups of 4 (3 experimental and 3 control groups),
and the groups were observed for 2, 4, and 6 weeks respectively. The surgery results were assessed by radiography and
histopathologic analysis. Result: Radiography results showed that the highest bone growth was found in the 6 weeks
treatment group with 100% growth, followed by the 4 weeks treatment group with 88.89% growth, and last was the 2
weeks treatment group with 66.67% growth. The Mann-Whitney test showed that there is a significant difference
between pre- and post-intervention (p >0.05). Histopathologic analysis showed the presence of osteocytes and osteoblasts
in the 6 weeks treatment group. Conclusion: It can be concluded that hydroxyapatite powder from white barramundi fish
scales can be used as a bone graft alternative material.
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Background
Bone grafting is the term used for transplanting bone
from one skeletal area to another.1,2 A bone graft is a
treatment for damaged bone offered to periodontitis
patients. It is also a treatment to minimize alveolar bone
and mandible resorption. The purpose of bone grafting is
to cure, strengthen, and repair bone function.1,2 The
expected final results of bone grafting are new
attachments that can be observed clinically and new
bone regeneration. The main functions of grafts are
osteogenesis, osteoinduction, osteoconduction, and to
provide mechanical support for the recipient's bone
structure.1 In dentistry, bone graft materials are divided
into four categories based on the source, namely:
autograft, allograft, xenograft, and alloplast.1,2,3,4 Each
material has their own advantages, detailed below.
Autograft or autogenous bone grafts are derived
from the individual, which creates two post-op wound
sites. Generally, the bone is taken from the pelvic bone,
ribs, or tibia and fibula bones. The autograft is the safest
and most common choice because it has the lowest risk
of carrying contagious diseases.4
Allograft is a type of bone graft derived from two
individuals of the same species, which carries the risk of
rejection.5 Most of the bones come from a bone bank,
where bones are collected from cadavers, washed with
absolute alcohol, and then frozen.6
The last bone graft material is alloplast, which is a
synthetic material that contains hydroxyapatite (HA) and
other minerals. The alloplast is developed into scaffolds to
be used as the pillars of bone formation. Ideally, a scaffold
is capable of bio-degradation, osteo induction, and osteo
conduction. However, alloplast materials tend to not have
all those abilities optimally; they generally only have one
of the three listedabilities.5
In Indonesia, periodontal disease has the second
highest prevalence after dental caries. The prevalence of
periodontal disease in Indonesia across all age groups is
96.58%.10 This high number might carry a high demand
for bone grafts. However, all existing bone graft materials
have several disadvantages for the recipients. Those
disadvantages include invasive surgery, a high risk of
contamination from the donor, cultural and religious issues
regarding the donor sources, and the high cost. Due to
these disadvantages, researchers are eager to find an
alternative material that is made from synthetic material.
This alternative material is expected to have all the
advantages necessary for it to minimize alveolar bone
internal resorption. The waste should contain
hydroxyapatite (HA) to best support the bone growth
process.
Moreover, in Indonesia, there is a huge amount of
waste from fish production because it is the largest
producer of fish with over 10 million tons of production
every year.12,13 In 2011, as reported by Indonesia's
Directorate General of Aquaculture Fishery, fish
production increased to 12 million tons.13 Each year, fish
waste amounts to almost 30% of total fish production.11
Various innovations in using fish waste, including
fish scales have been researched in Indonesia over the last
few years. Other studies have shown that fish scales can
be used as artificial bone.13 Ikoma and Tanaka have
proven that artificial bone from fish scales could speed up
the growth process with higher bone density, thus can
potentially be developed as a bone graft alternative
material.13
Hydroxyapatite (HA), also known as molecular
formula Ca10(PO4)6(OH)2, is one of the inorganic
compounds similar to human hard tissues such as bones,
teeth, and dentine. Some research results suggest that
synthetic HA could be used as a substitute for bone grafts
(allograft and xenograft) due to its excellent bio-
compatibility to human bones and teeth. Hydroxyapatite
has been widely used as a biomedical implant and for
bone regeneration because it has bioactive and
biodegradable abilities.7 Fish scales from white
barramundi fish are an appropriate alternative material
because their composition consists of collagen and
hydroxyapatite (HA). The hydroxyapatite contents can be
separated from the collagen, therefore producing genuine
hydroxyapatite (HA 100%). This genuine hydroxyapatite
can be used as bone graft alternative material with osteo
conductive characteristics, which is ideal for dentistry
use.14 In this study, hydroxyapatite from white barramundi
fish scales were tested on a rat mandibular defect model.
This study aims to determine the efficacy of
hydroxyapatite powder from white barramundi (Lates
calcarifer) fish scales in the healing of rat mandibular
defects radio graphically and through histopathologic
analysis.
Methods and Materials
Bone Graft HA Sample
A selection of white barramundi fish in ages ranging
from 5–6 months was collected from Pemalang, Central
Java, Indonesia. The screening process for fish scales with
a weight between 200–300 g was done in the laboratory of
Center for Application of Technology of Isotope and
Radiation, National Nuclear Energy Agency, South
Jakarta, Indonesia. The fish scales were washed with tap
water for debridement and then soaked in surfactant
solution. Re-washing was performed by using a shaker for
4–6 hours to cleanse surface fats and dried fats, and then
the scales were soaked in NaOH 1N solution and heated at
120°C for approximately 30 minutes. HA precipitate was
separated from degradated protein, and the sediment was
purified in distilled water. Nano HA was dried in an oven
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at 60°C to remove water from the powder and HA 100%
was sterilized by an irradiation process and then packed
into dark sterile tubes, each weighing 7 mg total.
Hydroxyapatite was synthesized through a wet method
using the reaction between calcium hydroxide and
phosphoric acid. Hydroxyapatite nano-size observations
were performed by using a scanning electron microscope
(SEM).
Animal Model
This study was conducted with the approval of the
Bogor Agriculture Institute (IPB) Animal Care and Use
Committee. Six groups of 16-weeks-old male Sprague-
Dawley rats were used in this study (three experimental
and three control groups), with each group consisting of
four animals with weights between 150–220 g. All
animals were kept and cared for at the Faculty of
Veterinary (FKH), Bogor Agriculture Institute, Bogor,
Indonesia.
Before surgery, the animals were looked after for a
week to aid in the adaptation process and were then
scaled. The rats were anesthetized by administration of
ketamine (40 mg/kg body weight) and xylazine (5 mg/kg
body weight) intraperitoneally. Whiskers and hair on the
right mandibular site were shaved, cleaned, and sterilized
with povidone iodine solution. The surgical site was
located on the right mandible—near the angulus—and
was sterilized with an alcohol swab. The incision was
performed with surgical knife #3 and blade #15 to give a
mucoperiosteal flap with a length of 2 cm. A 3-mm-
diameter bone defect was given with a dental carbide
round bur with constant irrigation of sterile saline
solution to avoid thermal burning (Fig. 1). This study
only used the right mandible as the bone defect site. The
authors were aware that use of the split mouth design
could reduce biological variation. However, the left
mandible was not used as a control because the distance
between the wound on the right side was too close to the
left mandible. The bone implant material, genuine HA
(100%) nano powder, was placed in the experimental
groups until the defects had been completely covered.
Mucosae were closed using 6-0 a traumatic
polypropylene and the outer skins were closed using 4-0 a
traumatic polypropylene sutures. The radiographic photos
taken of each rat shows defect location and shape. After
each surgery was performed, the surgical site was
sterilized again with an alcohol swab and covered with a
dressing pad.
Radiographic and Histopathologic Analysis
Four animals per group were scaled and had another
radiographic photo of the defect taken two weeks post-
surgery. The other four animals per group were harvested
four weeks post-surgery, and the last four animals per
group were harvested six weeks post-surgery. These
different healing periods were selected with the
expectation that steps in the bone healing process
between groups would be seen radiographically and
histopathologically. The rats were harvested via
euthanasia, where they were overdosed with intra-
peritoneal anesthesia, which was performed at the Faculty
of Veterinary, Bogor Agriculture Institute, Bogor,
Indonesia.
For the radiographic analysis, the sizes of bone
defects were measured in each photograph. The
radiographic examination was performed using a lateral
x-ray image to compare the size of bone defects at the
baseline, after two weeks, after four weeks, and after six
weeks between the HA group and control group. Bone
defect diameters that appeared in lateral x-ray images
were measured digitally. For the histopathologic analysis,
the rats' heads were separated. The defect site was cut and
fixated with 3% glutaraldehyde in 0.1 mol/L sodium
cacodylate buffer for 48 hours. Histological examination
was done to detect the presence of bone formation cells.
The specimens were analyzed at the Histopathologic
Diagnose Laboratory of Central Veterinary Research,
Bogor, Indonesia.
Statistical Analysis
Statistical analysis was performed using the Mann-
Whitey test. The level of statistical significance was set at
p <0.05. Analyses were conducted using IBM SPSS
Statistics for Windows version 17 (Armonk, NY: IBM
Corp.)
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Results
Rats weighing between 150–220 g were chosen for
the experiment. After surgery, the rats were kept in
twelve cages (two rats per cage) according to their
group (control or experimental). Before surgery and
after euthanasia, each animal was scaled to collect
weight data. Observations indicated that their weight
increased significantly.
Figure 1. Radiograph of the defect on the right mandible (day 1)
Figure 2. Two weeks after surgery: (a) defect with HA powder; (b) control
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Figure 3. Four weeks after surgery: (a) defect with HA powder; (b) control
Figure 4. Six weeks after surgery: (a) defect with HA powder; (b) control
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Table 1. Defect size on right mandible before (day 1) and after (healing period) *Highlighted column indicates that the rats were missing 
during care
Healing Period Sample
Bone Defect Diameter
Difference (mm) Bone Growth
Before After
6 weeks
HA - 6.1 3 mm 0 mm 3 100%
HA - 6.2 3 mm 0 mm 3 100%
HA - 6.3 3 mm 0 mm 3 100%
HA - 6.4 3 mm X X X
C - 6.1 3 mm 2 mm 1 33.33%
C - 6.2 3 mm 1 mm 2 66.67%
C - 6.3 3 mm 1 mm 2 66.67%
C - 6.4 3 mm X X X
4 weeks
HA - 4.1 3 mm 1 mm 2 66.67%
HA - 4.2 3 mm 0 mm 3 100%
HA - 4.3 3 mm 0 mm 3 100%
HA - 4.4 3 mm X X X
C - 4.1 3 mm 2 mm 1 33.33%
C - 4.2 3 mm 2 mm 1 33.33%
C - 4.3 3 mm 2 mm 1 33.33%
C - 4.4 3 mm 3 mm 0 33.33%
2 weeks
HA - 2.1 3 mm 1 mm 2 66.67%
HA - 2.2 3 mm 1 mm 2 66.67%
HA - 2.3 3 mm 1 mm 2 66.67%
HA - 2.4 3 mm 1 mm 2 66.67%
C - 2.1 3 mm 3 mm 0 0.00%
C - 2.2 3 mm 3 mm 0 0.00%
C - 2.3 3 mm 3 mm 0 0.00%
C - 2.4 3 mm X X X
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Table 1 shows the diameter of the defects before and
after intervention. The Mann-Whitney test showed that
there is a significant difference between before and after
intervention (p = 0.026). Table 1 also shows bone growth
as percentage. After 2 weeks, the implant group showed
more than 50% bone growth (Fig. 2). After 4 and 6
weeks, the implant group showed perfect bone growth
(100%). However, in the control group, even after 4 and
6 weeks of healing, a little shrinkage alongside an
expansion of the defect area was present in several
animals (Fig. 3, Fig. 4). It was observed that, 6 weeks
after the surgery, bone growth in the control group was
only 66.67%. The bone growth difference between the
implant and control group was over 50% (Table 2).
The result of the histopathologic analysis on the rats'
right mandible showed that the implant group presents the
availability of hemosiderin (after two weeks), osteocytes
and osteoblasts (after four and six weeks), including
lymphocytes and neutrophils in every implant group rat.
Table 2. Differences of bone growth in percentage
Healing Period
Bone Growth Average (%)
Implant Group Control Group
6 weeks 100.00% 55.56%
4 weeks 88.89% 33.33%
2 weeks 66.67% 0.00%
Discussion
Hydroxyapatite is a complex calcium phosphate
mineral with the chemical formula Ca10(PO4)6(OH)2,
which constructs vertebrae bone structure. In the last few
years, HA has been developed and produced as a bone
graft material. Human bone consists of 65% HA; this
makes HA biocompatible to the human body.
Hydroxyapatite also has osteo conductive features that
allows it to work as a scaffold in new bone growth.6
Based on the source, hydroxyapatite can be divided
into two types: biologic hydroxyapatite, which is found in
the bones or teeth of animals such as fish, and synthetic
hydroxyapatite. In the field of dentistry, synthetic
hydroxyapatite is the type mostly used. However, since
the synthetic type requires a complex production process
and is very expensive,15 the HA powder used in this study
was derived from discarded white barramundi fish scales
that underwent mild processing. The HA powder was
packed into 7 mg dark tubes and sterilized with gamma
irradiation.16 Each animal in the implant group had HA
powder applied to its defect at a dose of one tube per
defect/animal.
The increase in rat weight shows that the presence of
HA powder as a foreign material to the immune system
did not create hypersensitivity, thus a normal metabolism
was maintained. This is also supported by the fact that no
rats died due to disease. Other studies also showed
increased weights on the animal models, which means the
experiment did not interfere with diet patterns or the
animals' mastication process.17 The treatment of the rats
during the study was in accordance with the standards of
the Animal Laboratory at the Bogor Agricultural
University. However, some rats went missing after
damaging their cage and escaping. The authors realized
this was a limitation in this study.
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Researchers believed that HA powder could promote
the bone growth process on mandibular defects.
Histological examination showed that bone formation
was verified on the defect area, given the presence of
osteocytes as well as intense osteoblastic activity, along
with intense osteogenic activity—especially at weeks
four and six. This is in line with the radiographic
examination results, which showed a reduction in the size
of the mandibular right bone defect; it had fully
recovered after six weeks. The bone growth process was
supported by the results of the histopathological analysis.
The histopathological analysis indicated that osteocytes,
osteoblasts, collagen, neutrophil, lymphocytes, and
hemosiderin were present in the implant group rats. The
presence of osteocytes and osteoblasts showed that the
HA powder had induced bone growth cells.18
Based on these results, HA powder from white
barramundi fish scales can be considered as an alloplast
alternative material. According to Fleckenstein et al.,
calvaria defects given to Sprague-Dawley rats that were
treated with hydroxyapatite tricalcium phosphate (HA-
TCP) powder showed significant bone growth because of
its rigid scaffold that the rats could tolerate.19 The results
of a study by Reis et al. also showed bone growth on a
rabbit's ulna when given a hydroxyapatite-polyhydroxy-
butyrate composite. Furthermore, direct contact between
the bone graft and bone indicated osteo integration 45
days after surgery.20 Osteointegration was also observed
in a study by James Mah et al., who used alloplast
materials available in the market on rat calvarias.
However, in their study, the available materials did not
show significant bone growth when compared to the
control group.7 Therefore, hydroxyapatite (HA) powder
from white barramundi fish scales could be considered as
bone graft alternative materials in bone defect
regeneration as supported by previous researchers who
also found significant bone growth after utilizing
hydroxyapatite.
Conclusion
It can be concluded that hydroxyapatite (HA)
obtained from white barramundi (Lates calcarifer) fish
scales can be used as a bone graft alternative material.
This conclusion was made based on the results that
showed significant bone growth and increased body
weight, which indicates HA biocompatibility.
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